Abstract. Hourly temperatures of small streams can be accurately predicted using an energy balance. Micrometeorological measurements are required to assess the environment of the small stream accurately. The temperature-prediction technique was tested on three streams in Oregon. On unshaded stretches, net all-wave radiation is the predominant energy source during the day; evaporation and convection account for less than 10% ooe the total energy exchange. Conduction ooe heat into the stream bottom is an important energy balance component on shallow streams having a bedrock bottom. Up to 25% ooe the energy absorbed by such a stream may be transferred into the bed. Hourly temperature changes of 0-16øF were predicted to within IøF more than 90% of the time. This technique permits foresters to control water temperature through manipulation of stream-side vegetation.
The purpose of this paper is to illustrate how energy budget techniques may be modified for predicting temperatures of small streams and to indicate the utility of temperature prediction for managing these streams.
Sections of three small streams in western Oregon were selected for study. One section was heavily shaded by Douglas fir, vine maple, and salmonberry and had a gravel bottom. The remaining sections were exposed to direct sunlight; one had a rock bottom, the other a gravel bottom. These conditions are typical of many streams in the forested regions of the Oregon Cascade and Coast Ranges.
The technique most widely used in temperature prediction utilizes some form of energy budget analysis. Estimates of the gains and losses of energy by the body of water are summed to Copyright ¸ 1969 by the American Geophysical Union. determine the change in stored energy. This value for a known volume of water can then be converted to temperature change.
Accurate estimation of the change in stored energy within a body of water depends upon accurate definition and measurement of the energy inflow and outflow. Equipment limitations restricted early hydrologic application of the energy budget to oceans. Some of the earliest energy budget studies were designed to predict oceanic evaporation. Such estimates were prepared on an annual basis, so that changes in heat storage could be assumed zero and because data on radiation were limited [Sverdrup, 1940; Schmidt, 1915] .
Advances in the development of meteorolo•-cal equipment permitted extension of the energy budget technique to smaller bodies of water. Energy budget studies for estimation of evaporation at Lake I-Iefner, Oklahoma [Anderson, 1954] , were the basis for the models used in later predictions of river temperature. Burr [1958] 
DISCUSSION
The results indicate that the energy budget technique outlined earlier is an acceptable tool for predicting temperature on small streams. The technique permits prediction of large and small temperature changes.
The data illustrate the necessity of on-site meteorological measurements for accurate temperature prediction on small streams. As an example, the predictions at 1600, 1700, and 1800 hours at the H. J. Andrews study section are in error by 5.5, 4.3, and 2.0øF, respectively. These are thought to be errors in sampling, because only one radiometer was available to measure net thermal radiation during this study. Temperature prediction may be used as a first step in predicting the effect of man's activity on the aquatic ecosystem of a body of water. A technique similar to the one described here has been used to predict the thermal effect of dams or of adding heated effluents to rivers [Burr, 1958; Delay and Seaders, 1966; Duttweiler, 1962] . In the Pacific Northwest, and in other forested regions as well, this technique may be used to predict the effect of logging on the temperature and temperature-related changes in the ecosystem of small streams.
Many of the streams on forested watersheds provide habitat for valuable game fish. In Oregon, small streams like those studied as part of this research provide the majority of the spawning and rearing habitat for salmon, steelhead, and trout. The sensitivity of these species to temperature changes has been well documented.
Clear-cutting is a typical logging practice in many forests of the western states. Temperature prediction can be used as a tool to determine the maximum or allowable length of stream to be exposed by clear-cutting on watersheds supporting fish populations. Further, it can be used to predict the downstream temperature effect of a proposed clear-cut. As water-quality criteria become more definitive, temperature prediction may become an invaluable tool for meeting these cri- Finally, the temperature prediction technique, developed to predict excessive increases in stream temperature, will be useful in attempts to increase the productivity of forested streams with suboptimal temperature regimes. Increased temperatures often induce increases in primary production [Cairns, 1956] 
